Driving is an important everyday activity for many people with diabetes, which is designated a prospective disability as it may impair driving performance as it progresses in severity. In effect, the principal threat to driving performance is hypoglycaemia associated with insulin therapy. Regular assessment of medical fitness to drive is undertaken to identify drivers with diabetes who are at greatest risk of experiencing motor vehicle accidents. Many countries do not restrict the licensing of drivers with insulin-treated diabetes and fail to review and/or restrict the driving of large goods vehicles or those carrying passengers. The European Union has formulated regulations for driving licensing for diabetes through successive directives, which have been implemented by individual countries including the UK. In response to submissions to relax licensing restrictions, some of these have been amended recently and were implemented in the UK in January 2018. Their rationale and potential value are discussed. Br J Diabetes 2018;18:25-31 
Introduction
Driving is an everyday activity that is essential for many occupations and to facilitate transportation; as such, it is of substantial economic and personal importance. As driving is a complex activity that involves several cognitive domains and imposes metabolic demands, effective driving performance demands that cognitive function must be intact. Adequate vision is also a prerequisite. While motor vehicle accidents may have multiple contributing factors (eg, adverse road conditions and vehicular failure), several medical disorders can affect fitness to drive and may increase the risk of accidents. Drivers with these conditions are therefore subject to licensing restrictions enforced by statutory regulation. Diabetes is designated as a prospective disability for driving because of various potential problems that may progress with time; to retain their driving licences, drivers with insulin-treated diabetes are required to undergo regular assessment of their medical fitness to drive.
Why is diabetes potentially dangerous for drivers?
Complications of diabetes such as retinopathy and peripheral neuropathy can impair driving performance and increase the risk of a road traffic accident (RTA). 1 However, the risk of developing hypoglycaemia is the pre-eminent concern when assessing fitness to drive. This risk is greatest in people treated with medications that carry a substantial risk of hypoglycaemia -namely, the sulfonylureas, glinides and insulin -and increases with duration of treatment with insulin. One survey of drivers with insulin-treated diabetes suggested that 13% had experienced hypoglycaemia while driving during the preceding year. 2 
Do patients with diabetes experience more road traffic accidents?
Analysis of various studies has suggested that an increased risk of RTAs does exist, but is very modest. 3 A more recent meta-analysis has concluded that the overall risk of RTAs for drivers with diabetes was not higher than for non-diabetic drivers; older drivers and those with insulin-treated diabetes exhibited a trend towards an increased risk, but this failed to reach statistical significance. 4 However, proving causation remains extremely difficult as the cause of many accidents is multifactorial and factors such as the age and gender of the driver, type of road, traffic conditions and time of day all influence the baseline risk of sustaining a RTA. In addition, drivers at high risk may voluntarily cease driving or have their licences revoked and, as a result, no longer contribute to RTA statistics.
Can we identify drivers with diabetes at risk of road traffic accidents?
Identification of drivers with diabetes most likely to be involved in a RTA would allow interventions to be targeted at those at higher risk. To assist this task, Cox and colleagues have developed an 11-item questionnaire to identify high-risk drivers and have shown that an online intervention reduced the incidence of driving mishaps over a 12-month period. 5 How are people with diabetes licensed to drive motor vehicles in different parts of the world?
Because of the potential problems with driving performance, many professional bodies and licensing authorities provide advice and guidance for drivers with insulin-treated diabetes. [6] [7] [8] In their licensing regulations, European countries differentiate between people driving cars and motor cycles (Group 1 vehicles) and those driving larger vehicles such as buses or large lorries and trucks (Group 2 vehicles). Group 2 licensing regulations are much stricter in view of the increased potential for causing significant injury or loss of life.
Despite the potential issues that a driver with diabetes may face, most countries in the less developed parts of the world, but also many affluent countries in the Middle East, currently fail to place any restriction on driving for people with insulin-treated diabetes. A recent global survey of 85 countries revealed wide variation in practice and, surprisingly, many national diabetes organisations declined to provide information about the legislation (which is mostly non-existent) on the position regarding regulations for driving licensing in their countries. 9 Of the countries in South-East Asia who responded to this survey, none currently impose any form of licensing restriction on drivers with diabetes, unlike most countries in Europe, North America and Australasia. It was particularly disconcerting to find that, in two-thirds of those countries, no restriction is placed on the driving of large goods vehicles (Group 2 classification in Europe) by people with insulin-treated diabetes, and a 'call to arms' from concerned diabetes specialists in some of the countries with either no or less stringent regulation has been ignored. 10 Political inertia, combined with reluctance to commit resources to regulating medical disorders that can affect fitness to drive, are widespread problems on a global scale, and presumably contribute to the high fatality rates that are associated with driving in many parts of the world. 11 How are people with diabetes licensed to drive motor vehicles in the European Union?
Over a period of years, the European Union has issued directives on driving with agreed policies for licensing regulations; adoption by member states is mandatory. However, the licensing recommendations for drivers with diabetes in the 2nd Directive (91/434/EEC) in 1991 were not being applied uniformly by member states and, in some countries, were effectively being ignored -particularly in relation to the issue of Group 2 licences. This allowed professional drivers with insulin-treated diabetes, who had been subject to widely varying standards for the issue of Group 2 licences, to cross national borders when driving large lorries and coaches. This anomaly was considered politically unacceptable by the British Government.
The 3rd Directive on Driving in 2006 (Annex III to European Directives 91/439/EEC and 2006/126/EC) therefore sought to update and unify the regulatory practices of EU states to licensing drivers with respect to insulin-treated diabetes, and the changes imposed by this Directive were implemented in the UK in September 2010. The new Directive specified that the interval between regular medical review for a Group 1 licence should not exceed 5 years, which required no change of practice in the UK where review was already being undertaken every 3 years. If a driver experienced more than one episode of severe hypoglycaemia (at any time of day or night) in the preceding 12 months, revocation of the licence would be necessary and could not be renewed until the frequency of severe events had returned to a total of one single event within the preceding year. Several months could therefore elapse before application to restore the driving licence could be made. A driver must not have impaired awareness of hypoglycaemia, although this condition was not defined in the EU Directive and interpretation of how this syndrome should be identified was left to the discretion of individual states. Previously, drivers with insulin-treated diabetes had been debarred from applying for Group 2 licences, which was strictly enforced in the UK, but from November 2011 this was reversed to allow application providing various strict standards could be met, including no history of severe hypoglycaemia and full awareness of hypoglycaemia, and regular blood glucose monitoring (at least twice daily at times relevant to driving) must be performed. In the UK, a glucose meter with a memory facility had to be used to ensure not only that blood glucose tests had been performed at the requisite times, but also to provide an accurate record of the results that was not susceptible to manipulation.
It is not surprising that some of these changes were controversial and potentially self-defeating. It was thought that the need to self-report more than one episode of severe hypoglycaemia in any 12-month period, the consequence being the immediate suspension of an individual's driving licence for up to 12 months, might discourage a driver from reporting episodes of severe hypoglycaemia because of fear of losing their driving licence. Apart from the social inconvenience of being unable to drive, a person's employment could be jeopardised. This concern was fully justified. A Danish study demonstrated that the rates of severe hypoglycaemia reported by adults with type 1 diabetes declined by 55% in the year following implementation of these new EU regulations in Denmark. 12 A further study in Denmark reported that 23% of drivers with diabetes holding a Group 1 licence and 16% of those holding a Group 2 licence would consider under-reporting their episodes of severe hypoglycaemia. 13 Two or more episodes of severe hypoglycaemia in the last 12 months were reported by 10.4% of participants with a current driving licence, suggesting that underreporting of severe hypoglycaemia was indeed commonplace. In a survey of attitudes to the EU regulations in drivers with insulintreated diabetes in the Czech Republic, many averred that they would conceal exposure to recent severe hypoglycaemia because they feared losing their driving licence. 14 Concealment of material facts in relation to application for, or renewal of, Group 1 driving licences is not a new phenomenon. A review of applications to the Driver and Vehicle Licensing Agency (DVLA) in the UK for renewal of Group 1 licences by drivers with type 1 diabetes of more than 15 years' duration showed that one in 10 were providing inaccurate or frankly misleading information that differed considerably from that provided in medical reports from their doctors. 15 The standards of fitness to drive for people with diabetes were last updated by EU Directive in 2009. This update was transposed into UK law through the Motor Vehicles (Driving Licences) (Amendment) regulations in 2011. Following the change in regulations in 2010/2011, several member states, including the UK, approached the European Commission to express the view that they considered the current provisions for Group 1 drivers to be too strict, and specifically that severe hypoglycaemic episodes occurring during sleep should not carry the same weight in the assessment of fitness to drive as those occurring during waking hours. In response to this lobbying, the European Commission adopted changes recommended by their Diabetes Working Group and issued Directive 2016/1106/EC, which has amended the earlier 3rd Directive on Driving (2006/126/EC).
How have the EU driving regulations changed in the UK from January 2018?
The latest EU directive, which was published in 2016, required the proposed changes to be implemented by January 2018. 16 They refer to drivers holding Group 1 licences alone. The regulations for Group 2 licences are unchanged. The key changes (our italics denote important amendments) are summarised in 17 The revised EU regulations have therefore missed an opportunity to try to standardise the definition and assessment of impaired awareness of hypoglycaemia. Instead, a non-standard term has been adopted that can be interpreted differently by individual member states and their licensing authorities, risking variable implementation across Europe. Because total loss of symptoms of hypoglycaemia is uncommon, in the UK this has been used as the definition relevant to driving Group 1 vehicles, otherwise many drivers with insulin-treated diabetes would have been debarred without any firm evidence that they had a higher rate of driving mishaps. Interestingly, although significant impairment of awareness of hypoglycaemia potentially can pose a risk to safe driving and has been described anecdotally as a cause of motor vehicle accidents, in several large studies it has not emerged as a relevant factor causing driving mishaps. 18 This suggests that driving accidents associated with this clinical problem are relatively uncommon. This may be a consequence of more frequent blood glucose monitoring by drivers who have some degree of impaired awareness, 2 or their voluntary cessation of driving when loss of awareness becomes severe. Reduction in length of time of revocation of a driving licence from 12 to 3 months The most powerful factor for predicting the risk of severe hypoglycaemia is a history of severe hypoglycaemia, as was shown in the 30-year analysis of the DCCT/EDIC data. 19 Furthermore, previous exposure to severe hypoglycaemia was the factor most consistently identified with an increased risk of RTAs in people with diabetes; a history of severe hypoglycaemia in the preceding two years was associated with a four-fold higher risk of accidents. 20, 21 Thus, the original criterion of limiting the number of episodes of severe hypoglycaemia to no more than one in a single calendar year was evidence-based and was not chosen arbitrarily. The problem remains how to identify and record episodes of severe hypoglycaemia and how to implement this otherwise reasonable criterion when this relies on self-reporting of episodic severe hypoglycaemia by drivers treated with insulin. Most severe episodes are treated at home or in the community by family, friends or work colleagues; only 10% of events in people with type 1 diabetes and 30% in insulin-treated diabetes involve emergency medical services and are likely to be documented in medical records. 22 Drivers with diabetes soon realised that reporting their experience of severe hypoglycaemia to their medical attendants would lead to revocation of their driving licences, so their honesty was being penalised. This presumably explains the dramatic reduction in the self-reported frequency of severe hypoglycaemia in Denmark, which was much lower than rates obtained by anonymous reporting. 12 Concealment of any material fact relevant to fitness to drive when applying for a driving licence is breaking the law but, in reality, the DVLA has rarely prosecuted any driver on these grounds. However, should a claim be made following a driving accident, motor insurance companies would most definitely repudiate insurance cover in this situation, so deliberate concealment of previous episodes of severe hypoglycaemia could incur a heavy personal cost, notwithstanding the increased risk to public safety. The latter was demonstrated by the fatalities resulting from the tragic bin lorry accident in Glasgow in December 2015, where it emerged that the driver (who did not have diabetes) had deliberately concealed recurrent blackouts from his medical attendants and also the DVLA. Collusion with a driver with diabetes to conceal a history of severe hypoglycaemia when providing a medical report for renewal of a driving licence could also compromise the integrity of the patient's medical attendant. The General Medical Council has recently released guidance specifically discussing concerns over a patient's fitness to drive and when to report this to the DVLA. 23 Understandably, the reduction in time between possible renewal of a driving licence to 3 months after the most recent episode of severe hypoglycaemia has been hailed as a victory for common sense and natural justice by diabetes charities, who represent the interests of their members. However, what the revised regulations do not explain is what should be put in place in terms of corrective treatment following the second severe episode of hypoglycaemia and how long should be allowed for this to be dealt with effectively. Presumably the driver whose licence has been revoked on these grounds must satisfy the regulatory authority (i.e. the DVLA in the UK) that significant steps have been taken to reduce the likelihood of any further episode of severe hypoglycaemia before they can be sanctioned to resume driving. This will inevitably require specialist diabetes input and effective changes in management are unlikely to be implemented and reviewed to the satisfaction of healthcare professionals within 3 months.
Restricting relevant severe hypoglycaemia to waking hours The EU regulations in the 3rd Directive did not differentiate between whether severe hypoglycaemia was occurring while the driver was awake or asleep. Although sleep mostly occurs at night, it can take place at any time of day. In the DCCT, 55% of severe events occurred during sleep compared with 43% during the night. 24 However, in everyday life, hypoglycaemia of any severity that occurs during sleep is often difficult to detect without the use of continuous glucose monitoring (CGM), which has demonstrated that low glucose levels can persist for several hours during sleep. People are not aware of hypoglycaemia during sleep and seldom awaken, so the frequency of nocturnal hypoglycaemia is generally underestimated. 25 It is often difficult to know if an individual has experienced a severe event during sleep as judged by the development of profound neuroglycopenia, as they usually recover spontaneously with time. It is only when hypoglycaemia during sleep induces a seizure or the person is found to be comatose and unrousable that an episode is recognised to be severe in nature. Severe hypoglycaemia in patients who sleep alone is less likely to be detected than those who are wakened by partners noticing features suggestive of hypoglycaemia. Consequently, those severe events that have occurred during the night or during sleep at other times of day and have been identified and reported to driving authorities are likely to be relatively few in number. The exclusion of severe hypoglycaemia events during sleep may not make much difference to licensing as many of these events are not being detected in the first place.
It is argued that, as a person is not driving while asleep, severe hypoglycaemia at this time has no relevance to medical fitness to drive and should therefore be discounted with respect to documentation of the number of severe events in a year, which should then be restricted to events occurring solely during waking hours. This premise has been accepted by the EU Commission and is reflected by this change in regulations. However, disregarding sleep-associated severe hypoglycaemia takes no account of the after-effects on the individual following recovery of blood glucose. This change may therefore be contentious as it may not promote safe driving.
Hypoglycaemia during sleep in adults with type 1 diabetes has been shown to have variable effects on cognitive function the following morning, but all experimental and observational studies have recorded adverse effects on mood and well-being. [26] [27] [28] Affected individuals felt tired, slow, depressed and restless on the day after nocturnal hypoglycaemia. [29] [30] [31] Negative effects have been reported on work attendance, performance and productivity. [28] [29] [30] [31] There is evidence that hypoglycaemia during sleep is relevant to a person's ability to function normally after awakening, whether this is in the morning after nocturnal hypoglycaemia or at some other time of day. Following an episode of severe nocturnal hypoglycaemia, drivers should be advised to avoid driving the following day, at least in the hours after awakening. The ability to drive a vehicle safely following sleep-related hypoglycaemia has not been studied and lacks evidence, so this suggestion would be difficult to mandate. This change in the EU regulations has been welcomed by many as a common sense measure and a further important step in reducing the burden of current restrictions on drivers with diabetes. Whether this is a sensible change as far as public safety is concerned remains to be seen. The reduction in the importance of sleep-related severe hypoglycaemia with respect to fitness to drive has not been extended to include drivers holding Group 2 licences, in whom any episode of severe hypoglycaemia will lead to revocation of the vocational licence.
Exceptional cases
An individualised approach is now recommended in many areas of healthcare, and driving is no exception. At the very least it allows those who perceive themselves as having been treated unfairly by the system to have some right of appeal. Competent medical opinion has not been defined and will be left to the discretion of individual member states.
Are drivers with diabetes aware of the regulations surrounding diabetes and driving?
Awareness of driving regulations among people with diabetes remains limited. A UK-based study showed that 60% either never test blood glucose before driving or only if symptomatic of hypoglycaemia. A more recent study of people in the UK with type 2 diabetes treated with sulfonylurea or insulin therapy suggested some improvement, with 18% and 6% reporting never testing before driving although only 22% tested before every journey. 2, 32 Are healthcare professionals aware of the regulations regarding diabetes and driving?
Knowledge of driving regulations is deficient among many healthcare professionals (HCPs) involved in diabetes care. A study in Wales showed that a third of HCPs were unaware of the recommended minimum blood glucose level for driving (5.0 mmol/L). Around half though that a car driver who had developed impaired awareness of hypoglycaemia should be advised to stop driving at least temporarily until hypoglycaemia awareness has been restored. On a more positive note, 92% knew that a person with newly diagnosed type 1 diabetes can continue driving but is required to report their medical condition to the DVLA. 33 A previous Scottish study had revealed similar deficits in knowledge, 34 so little appears to have changed regarding the comprehension of HCPs about driving and diabetes and how licensing is regulated.
Blood glucose retest interval recommended by the DVLA
The blood glucose testing interval in relation to driving is not proscribed by EU directive but is a recommendation for safe driving issued by the DVLA. These recommendations prompt drivers with insulin-treated diabetes to check their capillary blood glucose up to 2 hours before commencing driving and then at 2-hourly intervals. A driver could therefore leave up to 4 hours between tests yet remain compliant with these recommendations. Flash CGM was utilised in a blinded manner to demonstrate how hypoglycaemia can develop in people after they had demonstrated a satisfactory capillary blood glucose (>5 mmol/L is the recommended minimum for safe driving) after selected time intervals (Table 2) . 35 CGM systems measure interstitial glucose and measurements obtained by CGM are currently not accepted by the DVLA as evidence of safe driving practice. The regulation states that 'blood' glucose measurements should be undertaken and not the interstitial tissue glucose concentration that is provided by CGM or flash glucose monitoring. Additionally, there is a significant lag time between the actual blood glucose and the interstitial glucose measurement, and reservations remain about accuracy, particularly at low glucose concentrations. With increasing adoption of CGM systems, many people with diabetes are questioning why glucose readings obtained by these devices cannot be used to demonstrate safe driving practice. Two studies have shown how these might be useful to detect hypoglycaemia occurring while driving, particularly asymptomatic episodes. 35, 36 Continuous and often automatic monitoring of glucose levels would provide information to drivers which would alert them to potentially dangerous downward trends. Perhaps with the technological advances that are progressing apace with CGM and flash glucose monitoring, glucose sensors could be integrated within the display panel of a vehicle to alert the driver to a progressive fall in glucose.
Conclusions
The UK is one of the European countries with the strictest standards and regulations for drivers with diabetes; however, this does not mean that we should be complacent. While the UK has adopted and implemented all the EU driving regulations, the most recent changes will be, in our opinion, of debatable benefit to the promotion of road safety. The changes may represent a reaction of the EU regulators to the realisation that the previous version of the driving regulations has provoked deliberate concealment of severe hypoglycaemia by drivers with insulin-treated diabetes, negating efforts to identify those at greatest risk of driving accidents. It seems unlikely that these new amendments to the driving regulations will have a significant impact on the deceptively low rates of severe hypoglycaemia that are now being declared by individual drivers throughout Europe, which remains a very large hole in the current regulations through which anyone without scruples can steer with impunity.
How the regulations for drivers with diabetes can be altered to promote safer driving practices is a more difficult question to answer. Specifying the time when a person's driving licence must be removed after two episodes of severe hypoglycaemia has not been effective and has only encouraged concealment by those affected, particularly where employment may be jeopardised. Reducing the period of proscription from 12 to 3 months is unlikely to alter attitudes or behaviour. A different regulatory approach to dealing with drivers experiencing recurrent severe hypoglycaemia is required, and they need to be encouraged to seek specialist assistance after a single episode of severe hypoglycaemia without any threat of immediate suspension of their driving licence. Narrowing the interval between blood glucose tests while driving may have an impact on reducing the risk of hypoglycaemia, but this cannot be enforced. Further research into the effects of hypoglycaemia (including episodes occurring during sleep) on driving performance and how hypoglycaemia can be avoided while driving is greatly needed, as hypoglycaemia as a cause of RTAs should be preventable.
Key messages
• Hypoglycaemia can cause cognitive impairment that can impair driving performance; diabetic complications are a less common problem • The estimated effect of diabetes on overall accident risk is modest • The prospect of identifying drivers with diabetes who are at high risk of a road traffic accident is increasing • European Union regulations on diabetes and driving have evolved to harmonise the differing regulations and practice that existed previously between countries • The latest EU directive (implemented in the UK from January 2018) has advocated relaxation of some licensing regulations for drivers of Group 1 vehicles, but it is debatable whether these changes will benefit driving safety
